We exploit the bilateral and skill dimensions from recent data sets of international migration to test for the existence of Zipf's and Gibrat's Laws in the context of aggregate and high-skilled international immigration and emigration using graphical, parametric and non-parametric analysis. The top tails of the distributions of aggregate and high-skilled immigrants and emigrants adhere to a Pareto distribution with an exponent of unity i.e. Zipf's Law holds. We find some evidence in favour of Gibrat's Law holding for immigration stocks, i.e. that the growth in stocks is independent of their initial values and stronger evidence that immigration densities are diverging over time. Conversely, emigrant stocks are converging in the sense that countries with smaller emigrant stocks are growing faster than their larger sovereign counterparts. These findings are consistent with relatively few destinations, with low birth rates, continuing to attract the vast majority of emigrants whom face lower migration costs from evermore origin countries, whose birth rates are higher. We also document within immigration stocks, immigrant densities and emigrant densities and to a lesser extent within emigrant stocks, convergence in the high skill composition, consistent with an increasing global supply of high-skilled workers and the imposition of selective immigration policies.
Introduction
In urban economics, Zipf's Law and Gibrat's Law occupy a special place in explaining the relationships between cities in terms of their relative sizes and growth rates. In this paper, we link the literature on international migration to urban economics, especially the literature on population growth and distributions. More specifically, we draw upon two of the most recent advances in the development of bilateral migration data,Özden et al. (2011) and Artuc et al. (2013) , to examine the existence of Gibrat's and Zipf's Laws for immigrant and emigrant levels and densities in aggregate levels as well as examining high-skilled migration patterns.
Zipf's law for cities states that the city size distribution within a country can be approximated by a power law distribution. More specifically, if we were to rank the cities in terms of their sizes, the nth largest city is 1/n of the size of the largest city.
Another way to state this regularity is running a regression with ln(city size rank) as the dependent variable and ln(city size) as the main explanatory variable. The coefficient typically is equal to around 1 with a high level of precision, especially when larger cities are considered.
Gibrat's law, on the other hand, is about growth rates and was initially noted for the French firms Gibrat (1931) . When applied to cities, it states that growth processes have a common mean and are independent of initial sizes. The seminal paper of Gabaix (1999) establishes that, when cities grow according to Gibrat's law, then, in steady state, their size distribution will follow a pareto distribution with a power exponent of 1. This, as well as numerous results from across the urban economics literature, which also show that Zipf's Law holds, provides some evidence against the existence of Gibrat's Law, which instead predicts that the resulting distribution is log-normal. Eeckhout (2004) manages to accommodate both 'laws' by showing that Pareto distribution best fits the observed pattern if upper tail of the distribution of city sizes is considered. Conversely, a log-normal distribution provides the best fit if the entire distribution were to be considered. These patterns are observed across the world and are discussed in great detail in many other places (such as Gabaix and Ioannides (2004) .
The natural question then is to ask what mechanisms exist that might link Gibrat's and Zipf's laws. This question is especially important when divergent rates of population growth across locations are the norm. Among the causes that would lead to differing growth rates are climate, natural disasters and resource endowments. There are numerous examples of cities that disappear from history or boom after a discovery of a natural resource for example. People however, have the ability to move from one location to another, especially as some locations become overcrowded and resources are restrained due to higher natural growth rates. Under these circumstances, the convergence of growth rates via migration would naturally take place within a larger geographic area (such as a country) without internal barriers to population mobility.
There had been few studies that take the analysis outside of national boundaries since the theoretical models used to explain Zipf's and Gibrat's laws are not truly applicable when the unit of observation is a sovereign country. Governments exercise considerable power over their international (as opposed to internal) borders and can dictate who can enter and, to a certain extent, exit the country. The most prominent study is Rose (2005) who tests these theories using countries as the relevant geographical entities. He concludes that the 'hypothesis of no effect of size on growth usually cannot be rejected.'
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When testing the Zipf's law for countries, Rose (2005) shows that it also strongly holds in the upper tail of the distribution of country sizes, as is the case with city sizes. The only study that links Gibrat's and Zipf's laws to international immigration is the work by Clemente et al. (2011) who uses aggregate immigration numbers and densities. They test for the existence of Zipf's Law specifically in the context of immigrant levels and densities and find for the top 50 countries that Zipf's Law holds only for immigrant levels.
In this paper, we draw upon two recent bilateral migration databases,Özden et al.
(2011) and Artuc et al. (2013) . These yield two advantages. Firstly, global bilateral migration data allow us to calculate country level emigrant stocks, as opposed to simply immigrant stocks. Secondly, the latter database, which reports bilateral migration stocks by education levels, allows us to further delineate between patterns of migrants with low and high education levels.
Zipf's law implies a concentrated distribution of the total population among a few large cities. We observe similar patterns in immigration patterns but the converse over time in emigration patterns. In 2000, the top ten receiving countries accounted for no less than 57% of the world migrant stock, which is approximately equivalent to the total emigrant stocks of the top 25 emigration countries in the same decade. In 1960, the equivalent figure for the top ten receiving nations was 54%, which is equivalent to less than the total emigrant stock of the top 9 sending countries in 1960. A similar concentration is observed for individual corridors. In 2000, of all bilateral corridors (over 40,000 in total) comprised fewer than 50 migrants each. Together, they accounted for only 0.1 percent of total migrant stock. On the other hand, in the same year, just 505 corridors accounted for over 80 percent of the global migrant stock of over 160 million people.
Whether the sum of these bilateral trends holds across countries is the subject of our paper. We delve deeper into the observed patterns of international migration over the The results in the paper are both interesting and encouraging. In regards to Zipf's law, we find that it holds very strongly in the upper tail of the distribution with the Pareto coefficient very close to unity for both immigration and emigration for all time periods.
The results are less precise for high skilled migration but we cannot reject the coefficient being unity. When the whole sample is included, we find a log-normal distribution in terms of immigrant sizes which are very similar to the results found for cities and countries in the literature. With respect to Gibrat's law, our results are somewhat less uniform. We find evidence of convergence with the growth rates being linked negatively to initial levels for both aggregate and high-skilled immigration and emigration levels and densities. In our non-parametric analysis, we find some evidence in favour of Gibrat's Law holding for immigration stocks, i.e. that the growth in stocks is independent of their initial values and stronger evidence that immigration densities are diverging over time. Conversely, emigrant stocks are converging in the sense that countries with smaller emigrant stocks are growing faster than their larger sovereign counterparts. These are all surprising regularities given that government policies and other physical and cultural barriers impose strong restrictions on international migration patterns.
The following Section offers a brief overview of the bilateral data sets that we use in the paper. Section 3 introduces an analysis of Zipf's Law while in Section 4 we analyse the extent to which the underlying distributions of our variables of interest approximate to log-normal distributions. Section 5 presents an examination of Gibrat's Law in international migration patterns, before we finally conclude.
Basics of Migration Data
This section aims to outline the broad patterns observed in the global migration databases. 
Zipf 's Law in International Migration
We begin our analysis with an examination of the existence of Zipf's Law, the so-called rank-size rule, which can be viewed as an empirical regularity that describes the (upper tail) of the population distribution of the geographical entity under investigation. This distribution may result from a growth process that may or may not be governed by
Gibrat's law.
3 Typically the existence of Zipf's Law is analysed graphically and using regression techniques. The bottom two panels instead draw on the data from Artuc et al. (2013) . These data instead refer to high-skilled migrants, defined as having completed at least one year of tertiary education. Clear linear trends are evident, but the line imposed demonstrates that some deviations from Zipf's Law clearly exist in the data. For a more robust analysis we turn to simple regression analysis, following the norms in the literature. Zipf's Law can be expressed as:
3 Some of the prominent paper in the literature explore the theoretical linkages. Examples are Duranton (2007) Gabaix (1999) and Eeckhout (2004) . 4 We do not report estimates using the Hill estimator since Gabaix and Ioannides (2004) argue that in finite samples the properties of this estimator are 'worrisome'.
where α is a constant and β = 1 if Zipf's law holds. For the basis of our regression analysis we denote m to be the stock of immigrants or emigrants, expressed either in levels or in terms of densities, high-skilled or otherwise. Next, r is the rank of m, when ordered from highest to lowest. Equation (1) expressed in logarithmic form can be written as:
where is an error term and β is the Pareto exponent, which equals unity if Zipf's Law holds. Equation (2) is typically estimated using OLS, which leads to strongly biased results in small samples (Gabaix and Ibragimov, 2007) . These authors propose a simple and efficient remedy to overcome these biases, namely to subtract one-half from the rank.
The regression to be estimated therefore becomes:
Despite this adjustment, the standard error of β is not equal to that obtained from OLS, but instead can be approximated as β 
An examination of log-normality
The previous section showed that we cannot reject the existence of Zipf's Law in the upper tails of the distributions of total and high skilled immigrants and emigrants in levels. On the other hand, if we were to consider the entire distribution, we easily reject Zipf's Law. With these results in hand, we next empirically test whether or not the underlying distributions of our variables approximate to log normal. If this is the case, it might be the case that Gibrat's law holds i.e. that these distributions could have resulted from an independent growth process. for total emigrant levels and densities and total immigrant levels and densities and then similarly in 1990 and 2000 for the highly skilled. We implement a series of Kolmogorov-Smirnov equality-of-distributions tests where the null hypothesis is that the relevant variable is distributed log-normally. Table 3 In just over half of the total cases, we fail to reject the null hypothesis of (log)
normality. Cases where we can reject the null are highlighted in bold. Both immigrant levels and densities are log-normally distributed as was the case in Clemente et al. (2011) .
will be log-normal, we proceed by examining whether Gibrat's Law holds for our various measures of international migration.
Gibrat's Law in International Migration
As opposed to the static analysis presented when discussing Zipf's Law, an examination of Gibrat's Law with growth rates requires a dynamic analysis of global migration movements. Gibrat (1931) postulated that "The Law of proportionate effect will therefore imply that the logarithms will be distributed following the (normal distribution)" (as quoted in Eeckhout (2004)). In other words, should the growth of geographical entities be independent of their size, their growth will subsequently result in a log-normal distribution.
Of course, this does not mean that a log-normal distribution implies that Gibrat's Law necessarily holds. Both immigration and emigration are determined by government policies and limited to the extent by which individuals are willing and able to move.
Internal mobility, on the other hand, is far less restricted and is typically thought to lead to Zipf's and Gibrat's laws. Thus, it is difficult to argue that some natural underlying law of nature would determine the underlying growth and distribution processes of populations over national boundaries and across the globe.
We estimate parametric and non-parametric kernel regressions to test for the existence of Gibrat's Law. These regress the size of migrant populations (or in our case densities) on their growth. 6 In logarithmic form, parametric regressions take the following form:
where γ is a constant and µ is a stochastic error term, such that if δ = 0 then Gibrat's Law holds. Following the analysis of Eaton and Eckstein (1997) , we distinguish between the aforementioned case of (i) parallel growth, when δ = 0, i.e. when growth does not depend on initial size, (ii) convergent growth, when δ < 0 when smaller initial populations grow faster than their larger counterparts so that there is long-run convergence to the median value and (iii) divergent growth when β > 1, meaning that growth is a positive monotonic function of initial size. Evidence of either convergent or divergent growth can therefore be taken as evidence against the existence of Gibrat's Law. Table 4 presents the results from this first round of analysis, where Equation (4) is estimated with OLS with robust standard errors, due to typical heteroskedasticity of these types of results Gonzlez-Val and Sanso-Navarro (2010). Although Gibrat's Law is fundamentally a long run concept, we estimate Equation (4) across each decade for each of our different measures of immigration and emigration.
The simplest and most intuitive way to test for the existence of Gibrat's Law is by plotting geographical entities' growth on their initial values, which for the sake of brevity are not included here but are available on request. Such an analysis is strongly reflected in the results in Table 4 . Our OLS estimates yield total or aggregate effects of initial size on subsequent growth, while conversely non-parametric estimates facilitate an analysis of the effects of initial size across the entire distribution. We follow Eeckhout (2004) for our non-parametric analysis of Gibrat's Law and adopt the following specification:
where g i is the decadal growth of one of our migration measures normalised between two 7 We do not report the R 2 from these regressions although these are very low for our decadal regressions and substantially higher for those regressions run over forty years. 
Conclusion
Gibrat's and Zipf's laws are among the most studied and well established phenomenon in various contexts including linguistics, firm sizes and urban agglomorations. The linkages between population growth and the distribution across geographic space are key to all economic analysis since economic activity cannot be analyzed in isolation from location.
Thus, it is important to study and identify the underlying processes that determine the growth rates of populations over time and their allocation across various locations. Even though Zipf's and Gibrat's laws have been extensively analyzed in the literature, there are fewer studies on the role of population movements and there are even fewer studies that focus on mobility across national boundaries. It is therefore natural to search for a relationship between such population laws and migration patterns.
New data sets on bilateral migration stocks enable us to carry out these analysis. Zipf's law holds since the Pareto coefficient is very close to unity. On the other hand, when the whole distribution is included, we often fail to reject the log-normality assumption, especially in the case of immigration. High-skilled levels satisfy (although less well) to Zipf's Law but more often fail to adhere to log-normality.
While the tests regarding Zipf's law and the size distribution analysis are static, the tests on the Gibrat's law and the growth rates require dynamic analysis. The results in this area are also promising. We find evidence of convergence in the relatively simpler parametric analysis. In the case of non-parametric regressions, we find some evidence in favour of Gibrat's Law holding for immigration stocks, i.e. that the growth in stocks is independent of their initial values and stronger evidence that immigration densities are diverging over time. Conversely, emigrant stocks are converging in the sense that countries with smaller emigrant stocks are growing faster than their larger sovereign counterparts.
Our goal in this paper is to extend the insights from the urban economics literature to international migration. Zipf's and Gibrat's laws provide natural avenues to do so since they are linked via population movements. We find various support for these laws in international migration which is surprising given the policies and many other barriers that limit international migration patterns. Note: Gabaix and Ioannides (2004) Standard errors are reported in parenthesis. All variables are highly significant at the 1% level 1960-1970 1970-1980 1980-1990 1990-2000 1960- 
